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Solvent Effects in the Elecroozidatofl of
300oen * 1P nteTmertr ag 0 reported in the range in question. because of the fact that

they were acqutired at ultramiaroelectrodes for which

A.S. Baranski and K. Wikler problems with uncompensated resistance are negligible.

Department of Chemistry
University of Sakatchiewan A plot of the logarithm of the standard rawe constant

SaktoSask., Caad against the logarithm of the longitudinal relaxao time for
the solvcnt is shown in Figure 1. A good linear
relationship is obtained whose slope is very close to unity.

and This result suggests that the heterogeneouis oxidation of
fetyocene can be cosidered an adiabatic process. The

Wf C-Fa ct lU scatter about the best straight line is attributed to variation
Deparunent ofCirmtyin A~G.* with solvent nature.
tnsvetsiky of~aitm
Davis, CA 95616 Kinetic data obtained in mteehanol, ethanol. and I1-

propanol as a function of temperature are shown in Fig. 2.

The ffet o thesolentin te knetcs o sipleAs one would expect on the basis of the solvent dynarmcal
elctoe reatios thasobeent the b ec of suiffie effect, the rate constant at a given temperature decreases

eletrei recein yeas been the se of lconranfe with the molecular weight of the alcohol. When the dama
ineret necntyar 11 Itecsofletorsole at 285 OK we compared with thos obtained in aprotic

reactions, one recognizes two ways tn which the sovent slet it is clewr that dhe solvent dynamical effect in the
influences the rate constant, namely, through its influence alcohols is controlled by higheir hequency relaxation
on the oue sphere contribution to the activation barrier, processes in so far as electron transfer is concerned.
AG; and through its dynamical role un affectnf the pre- Fromn thie slopes of the plots in Fig. 2. one estimatea
exponential factor. Weaver and coworkers [ 2, 11have experimental enthalpies of activation equal to 9.7. 9.6, and
shown that th mealoee are pw~c~ Y go sytm 12.4 kJ noI' in mthaniol, ethano), and I -lprol.
to examine solvent effects on electron transfer reactions for respectively. For a process in which solvent dynamical
several reasons: they are neutral or have unit charge in die - effects are impoltant, the expeimental enthalpy of
redox couple; they have low ittlr sphere meorgitrutdofal activation, AH ireadtoteruenhlyf
energis; and they can be considered spherical to a actvarontA by th eution th[4] ntapo

approximation. the present study is concerned with atvtoA yteeuto 4

fenocene, a molecule which is oxidized at fairly positive A'+( H
potentials with respect to othertitetalloccenes studied in this W+aH()
context (21. The goal of this work was to examine die where A11 is the enthalpy associated with the temperature
effect of the solvent over a wide range of temperate an dependence of the longitudinal relaxation time, and c. a
in a number of solvents, coefficient related to the degree of reaction adiabaticity (5].

The inec da wee obaind usng ithe cylicOn the basis of dielectric relaxtation data in the alcohols (6],
oTh kintic ar were obmitained aurnsin eenycing for the "eon relaxation procesa in the alcohols is

oltaemt o tc. atane onsasuremhent depeding les than AH.j whereas AH4 for the first relaxation
onectthe asutu mcoletoemde ofo th raePtsan wor ig_ process is preste. It follows that dynamical solvent

with a radius of 12.5 Lnt which was sealed in a soft glass effts ineduaiethe frtre lecation transe if h di oo

capillary. The tip of the capillary was prepared by d o nlec ., aeoeeto rnfri h
polishig with extra fine caiboridurn paper followed by coefficient a is unity as suggested by the data at 285 O1L

0.3pronalumina. The counter electrode was also Pt. an The above damn are analyzed fturthe to extract the
the AgA(' system was used as referencem Constant Gibbs energy and entropy of activation for the
temperatres; down to -55 *C were obtained using a electrooxidariot of ferrocene. Thle results am~ comrpared
methanol bath in a Dew flask whose temfperaturel was with those reported earlier Ml for homsogeneouis electron
controlled with an inmmersion cooe. For triAsurements trnfe for thi system and related ones. The significance
at lower tempeiratures, the cell was cooled with liqui of these damnare discussed with respect to currest
nitrogen and then slowly warmed up to die desiredthoeia elpmrsinhsae.
temperature. During the warming period, the solution tertcldvlpsnai hsua
was stirred and the temsperaturfe mrdweo~d using an References
interna! thermometer. It was possible to kee the
temperatreinthe cell constant towithin 1 C7osevenal 1. W.R. Fawcett 1661 (1989).
minutes by varying its height above the boiling liquid__2 .Gnei YMleadM.Wae,.lb
mnirgeni in a Dewar flask in a siimilar lliriiito tha use C.eT. en2t. 2737 (1915). M.WeveJ.P

an M xpeimets.3. G3 E. McManis, M.N. Golovin. and M. Weaver, J.

&uw Jau r. ottained in nin diffrn apoi Phys. Chem 2.6563 (1916.
solvents a 283 *. The standard rate comswaa vai"44 W.R. Fawcett Chem. Phjsia Letters, in press.
frona high of 2.6ca-' incetinimleto alow of 0.14  W. R. PAW=eandr" *L c:.' lr,JI El-ct"Paal

cr 1 in reuahyirofluiun. Values of the apparenit transfer6 Chem. 2MD 103 (19).
coeffcienterealclosvoO.5 Weephasiethate 6. SIC. Gag and C.P. Smyth. J. hsCem
coeficint ereallcloe t 0.. W emhasze hatthe1294 (1965).

damn reported hene we more precise than dimS usualy 7. R.Ao. Nielson, G.E. McMais. M N. GnJ-'r, !-r



Figure 1. Pot of the logarithm of the standard rare
constant for the electrooxidation offrrocene at Pt against the logarithm of thesolvents' longitudinal relaxation time fornine different aprotic solvents.

F *

Figure 2. Plot of the logarithm of the standaird rae
constant for the elecmwoxidation ofrerrocene at Pt against the recipvcal of theKelvin tempertawf for da, obtained inmethanol (0), ethanol (a), and I-propan
(A).
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